Evaluation of existing control measures in reducing health and safety risks of engineered nanomaterials by Oksel, C et al.
This is a repository copy of Evaluation of existing control measures in reducing health and 
safety risks of engineered nanomaterials.




Oksel, C, Subramanian, V, Semenzin, E et al. (8 more authors) (2016) Evaluation of 
existing control measures in reducing health and safety risks of engineered nanomaterials.
Environmental Science: Nano, 3 (4). pp. 869-882. ISSN 2051-8153 
https://doi.org/10.1039/c6en00122j
© 2016 The Royal Society of Chemistry. This is an author produced version of a paper 





Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
1 
 Evaluation of Existing Control Measures in Reducing Health and Safety 



















































































  	 " * " 









"""  				%?=/	$	 

 =		
 =/% 	"/%%	 	 	*/%
"	*




 /	   /   **% * /"  







	 " "  %   C% * 
 %











% *  	 	
 1	 ? 




% *  ? * 
 








 	  
 %		 *  /
  ( *"	 	""	  	 
 	
%
 /	  	  	
" //
 *  " "" 		 A " 

  %%
 * 	B  /	
 /% C/ A++B  










 	%  	 %
















 				  *	
  %	2**%		 * 	 %










Page 7 of 42 Environmental Science: Nano
3 
%	=	 











































$	  	 	
  
/ 	/  %/	
 




( 	 				 /%		 




























	   //      * %%






  	 	" 	
9429>
  / "%  	
" 			  %
 		 





	   //	
9E295
  		% /*   =/	 

	 ?
	" 		  
 ?/	%















  ??	*"" %"  	3 
 	
 "*%* $ //	?
 "  "
 *	




 %"  
	*$* 	
 /%			
%	 /%	  
"  =/	 * ?	  %		  $  	 *
	 		  
 "
	  &
"  	 ?






































































 * 	 %





	 * 	/%*% /	*$	
%













 $%=$*+&. D,)  &$!1.
	
% *  98 ""I%/
/F%	   *
  ( 	%*% *"	 *
	 /F%	 ? 






)    ? * /F%	  	%*% 
  C	 ?	 
/ 
	"		   




 * $	   	  **%%  %	 *  %







 ?		 / $* 
	 / 489> 
/	
 %%	 ? 
 
	  ( C	 ?	 " 
	

























  %  * 

  	 " * %
"
?	 %/  2		  (* 	 	% 	 	







) 	 	%  =	" 
	 	%" 			  	"% //%	 * "  
	





Page 11 of 42 Environmental Science: Nano
7 
/ 	 "  (



















) 	     *  /
	 "




































  		"  /%		 %/ ?  






















 	  %F% ?  **% %
 		 * %




	 	  " 	  " =/	 %    
 %"	3 C












"  	"  
   	* 				 * 2	%






  & %
 " //% 	  /
 	
  				  " ?/
%




"  	* /%	  ?/
%
=/	 





















" $	  (
 9 
		  	% 2
	 * 	 " 









/ * 				"  ""  /
 		 	






























  !   	
	 		 % *  /
/  //























 %		 "    

















 	""	  " /% * 	 " * $	
%
" 	%  
	 A=%
" L /
" =/	  	 
		B 	
Page 13 of 42 Environmental Science: Nano
9 
%%	 A?" * % 	 L 

 
 L %B 	
" A%%/
 	* L 
 "% =/	 
	 %%B 
?/
% %	 A"" %








/	2? 	 " 		 %
"  	 %








 //	  982	/ C
 	 " 











/% 	 " ?% 	  * 	 * -0	 
::
  ( 	
" 	"	 ? %	% %%"   ** 
















"   	 * 
2% %	 
		 A&B * 	
" //		   " * 	  
* %%
 
		 	" & % 

/*
  	//  = " * 		
 2















	// 		 * %
	" 
	   	 %
			  -  "
:E

	%		 ?  " 	 				  
*2%%
 				 	" & //% 
  / 	% 	"   %= * "" 
















  %% 
   %










 * *  /*
 %	 
		 * 	 	% / *
Page 14 of 42Environmental Science: Nano
10 

	  & ?	 
	 //








  & 








 	" /	   










** 	 " 		 A "  ++B ?
 %"  *




 	  

;9








 * $	      %%/
 		  	 * 	 "
%	" 








%	% %/	 ?  %	 * > /	 * 










*2%/%" %%	 %"	 	
*2%















	3 1	 "  / %%
	 *
"	% /
 H 1	 				  















	 ? /%	 	%	 "		  








		*% 		 *  	*  

" * 









$: 2 "	  $9 2 
?	 B ' % 

 /  
	 *
Page 15 of 42 Environmental Science: Nano
11 
C 	 " 		 A%%
 "
  /	











* $	  /%
  %%/




	 	% 	 * 	  /	

/% C/   **%%	 *  %
 		  ( %	 
	 =/	  	 ? 
"





 =%  "
 	*  
 "





















C*$	   	 		












?%   %%  %%	%	 *  
	 	  		 /
 
%	 * 	 	 ?

 	 %

















/%%	   		 2
 			  	 	* /% 
"  	 *
$	 &
" =	" 	" //%	 //
	?





Page 16 of 42Environmental Science: Nano
12 
	B	 /%		%%/






=	" 	 " //%	  	
  * /%%	  (	 /
 	
"   
  




% * 		% //%	 *
%


















     * "" 		  /F%	 %  /" 
?








































	 *  %%
 =/	 %
 	 A "  "















 		   /   **% * %

" =/	 
















	 $	  %

% *   	 *C
 	 "" %
	
	/" 	  ++ /	
;G




	 * %" %%/




 A>5OB  %%






	 /% A;GOB  "
 =	 A44OB  &

 :<O  :8O *  	
%/	 ? 	   /
" ? ?/"  +& % 	 	/"
	 	/%
    	 *C












   	 % %












)488<   
 %  
 	 " G: %
" %/	
 	% 
	  *  A2	/%*%B 






























































 " A49 :OB %
	 //" 		 A49 :OB /		
**
	 A95 9OB 	/ & (" 



























 		 * $	 	?   	 ?










)  C	 ? 	 	/	  	% * 	 " %"	
A"" %
	2




 		  /	
 /% C/B  	 *  
%  
*	0 %	  	 % /%		  	%






 	 C	  :E %
" %/	  		  '" 4  ) 	 %=

%%%		  	F%/ 

  	/	 	
% ++
A "    	/  *% /%B  %%





B    	 
 %













  	/  " **%% 	 	/	  		  
 A " 





























 	  
% * ?















//%	 A "  /% %	 	  		  /%
  %%	 /%		 
%" 	% B C* **%%*%



















 	 * "  
"  % 	  = / 
%	
>>
  ) 	 





































  **%% * %
 		 	/%*%  $	  *
 **%%	 % /
 
	 * 
 				 //		 
"  	
   %	 =	 /%

Page 20 of 42Environmental Science: Nano
16 
		 %
" 	%2	/%*% **%% 





B %   " 	" / * 	 //	 






































*% ? &	  (* 	 	% ?
 * /%





D  	"*% %	  $ 	  "	 	 /%/ *
	
	 
 * %		 	   %%

















" 	 " *
%/		 	  %%/
 	 	







"	 	  				  
% ? 
 /%  
/	
  	%
 %		 %  %
	K*&
		 A%/	*  *	









%	 % %  " "" *"	 A'"  :B *  C	  	/	
"  %	 A  	%
 * 9  ; ? 9 " 











? 	/  

 " 	  /












  / 	  &
" ++ 	  
?2%	   	  
	 **%
%"   %%/
 	 %
 %  ?
   	*











=/	 1	   /
   %%/
 %





  /* %%"   %%/
 	 % 	""	"  ""
%
	 %
   / ** ? **%%  %	 *   " 	
	%	  
 A "  
" %% * 	 
B  		 A " 
%" * /	%
 	 %"  /	%%%
 //	B  " **%%  
%%/
 	 %
 %  
	  "  	 =/	 1	 
	/	 	""	"   ?
















  *  / 	 * *%

 **% 1	 	" **%%2%	  	 
% 
( %	 * 	 " 	 






 =/		  ?

"		  ** 	% 	% / 	%	 *
Page 22 of 42Environmental Science: Nano
18 
	 	  	" * 	 "


















(	 	 	 %%?  % 

 * *   **%% 
%	 * =	" 1	 * ""  		 * $	  ( 
   	  %
?	  












=	" 	 / 		 * $	  C
  C   
%

% "  ? * 
 
   	 * %
" 		 
( *"	 	?  	
" //





		 %/  
"   	%  ) 	  
	 	  	/  "
**%%  		
 * 	 / 		 	% 	  
  		
A " *%*$	 ?  %	  		 /	B  %* 
%
  % 	 	  ?	/    ? **%	 * /
" 2
%%	%	   	 *%
  




























% A "  	%*%  /    =/	B 	 A "  *	










 	 * " 



















 *%  %
















































 	*?2	  * /%%
 	  		  "











































	'+<2$+ 4898 9 :29B,."*A/*
' L 1
 &**	B A+F%3 9<G>< 
/  





 $&$1D A& % / //%   "









1. E. D. Kuempel, C. L. Geraci and P. A. Schulte, Ann. Occup. Hyg., 2012, 56, 491-505. 
2. S. Sharifi, S. Behzadi, S. Laurent, M. L. Forrest, P. Stroeve and M. Mahmoudi, Chemical Society 
Reviews, 2012, 41, 2323-2343. 
3. S. Arora, J. M. Rajwade and K. M. Paknikar, Toxicology and applied pharmacology, 2012, 258, 151-
165. 
4. R. Falkner and N. Jaspers, Global environmental politics, 2012, 12, 30-55. 
5. I. Linkov, F. K. Satterstrom, J. Steevens, E. Ferguson and R. C. Pleus, Journal of Nanoparticle 
Research, 2007, 9, 543-554. 
6. G. E. Marchant, D. J. Sylvester and K. W. Abbott, Nanoethics, 2008, 2, 43-60. 
7. NIOSH, DHHS (NIOSH), 2012, 147, 2012-2147. 
8. NIOSH, Current Strategies for Engineering Controls in Nanomaterial Production and Downstream 
Handling Processes, Department of Health and Human Services, Centers for Disease Control and 
Prevention, National Institute for Occupational Safety and Health, DHHS (NIOSH), Cincinnati, 
OH:U.S., 2013. 
9. HSE, Using nanomaterials at work: Including carbon nanotubes (CNTs) and other bio-persistent high 
aspect ratio nanomaterials (HARNs), 2013. 
10. V.-N. a. C. FNV, Guidance working safely with engineered nanomaterials and nanoproducts: a guide 
for employers and employees, 2011. 
11. OECD, 2010. 
12. EPA, Approaches for assessing and controlling workplace releases and exposures to new and 
existing nanomaterials, 2012. 
13. T. ISO, 2014. 
Page 25 of 42 Environmental Science: Nano
21 
14. T. ISO, 2012. 
15. T. ISO, ISO, Geneva, 2008. 
16. D. M. Zalk, S. Y. Paik and P. Swuste, Journal of Nanoparticle Research, 2009, 11, 1685-1704. 
17. M. Riediker, C. Ostiguy, J. Triolet, P. Troisfontaine, D. Vernez, G. Bourdel, N. Thieriet and A. Cadène, 
Journal of Nanomaterials, 2012, 2012, 8. 
18. ANSES, Development of a specific control banding tool for nanomaterials, 2010. 
19. K. A. Jensen, A. T. Saber, H. V. Kristensen, I. K. Koponen, B. Liguori and H. Wallin, 2013. 
20. M. G. Tyshenko, Nanoengineering: Global Approaches to Health and Safety Issues, 2015, 285. 
21. V. V. Eija-Riitta Hyytinen, Sanni Uuksulainen, Helene Stockmann-Juvala, Panu Oksa,Finnish Institute 
of Occupational Health (FIOH), Guidance on health surveillance for workers in the construction 
industry, 2015. 
22. A. Boldrin, S. F. Hansen, A. Baun, N. I. B. Hartmann and T. F. Astrup, Journal of Nanoparticle 
Research, 2014, 16, 1-19. 
23. NIOSH, Qualitative Risk Characterization and Management of Occupational Hazards: Control 
Banding (CB), 2009. 
24. J. Höck, T. Epprecht, H. Hofmann, K. Höhener, H. Krug, C. Lorenz, L. Limbach, P. Gehr, B. Nowack 
and M. Riediker, Federal Office for Public Health and Federal Office for the Environment, Bern, 2010. 
25. A. Genaidy, R. Sequeira, M. Rinder and A. Amal, Science of the total environment, 2009, 407, 5825-
5838. 
26. S. F. Hansen, K. A. Jensen and A. Baun, Journal of nanoparticle research, 2014, 16, 1-25. 
27. K. D. Grieger, J. H. Redmon, E. S. Money, M. W. Widder, W. H. van der Schalie, S. M. Beaulieu and D. 
Womack, Environment Systems and Decisions, 2015, 35, 42-53. 
28. E. A. f. S. a. H. a. Work, 2013. 
29. D. H. Brouwer, Annals of occupational hygiene, 2012, 56, 506-514. 
30. P. A. Schulte, C. L. Geraci, L. L. Hodson, R. D. Zumwalde, E. D. Kuempel, V. Murashov, K. F. Martinez 
and D. S. Heidel, Journal of Physics: Conference Series, 2013, 429. 
31. S. Goudarzi, A. Babamahmoodi, M. Farhadi, S. K. Kamrava and F. Mobarrez, Hypothesis, 2013, 11, 
e5. 
32. M.-P. Ling, W.-C. Lin, C.-C. Liu, Y.-S. Huang, M.-J. Chueh and T.-S. Shih, Journal of Hazardous 
Materials, 2012, 229-230, 83-93. 
33. W. Luther, Technological analysis: industrialnapplication of nanomaterials - chances and risks, 
Dusseldorf, Germany: VDI Technologiezentrum Report, 2004. 
34. T. R. Fadel, J. A. Steevens, T. A. Thomas and I. Linkov, Nanotoday, 2015, 10, 6-10. 
35. T. Tervonen, I. Linkov, J. R. Figueira, J. Steevens, M. Chappell and M. Merad, Journal of Nanoparticle 
Research, 2009, 11, 757-766. 
36. I. Linkov and T. P. Seager, Environmental science & technology, 2011, 45, 5068-5074. 
37. T. F. Malloy, P. J. Sinsheimer, A. Blake and I. Linkov, Integrated environmental assessment and 
management, 2013, 9, 652-664. 
38. M. E. Bates, J. M. Keisler, N. P. Zussblatt, K. J. Plourde, B. A. Wender and I. Linkov, Nature 
nanotechnology, 2015. 
39. D. R. Hristozov, A. Zabeo, C. Foran, P. Isigonis, A. Critto, A. Marcomini and I. Linkov, Nanotoxicology, 
2014, 8, 72-87. 
40. D. R. Hristozov, S. Gottardo, M. Cinelli, P. Isigonis, A. Zabeo, A. Critto, M. Van Tongeren, L. Tran and 
A. Marcomini, Nanotoxicology, 2014, 8, 117-131. 
41. D. Hristozov, A. Zabeo, K. A. Jensen, S. Gottardo, P. Isigonis, L. Maccalman, A. Critto and A. 
Marcomini, Nanotoxicology, 2016, 1-48. 
42. J. M. L. de Ipiña, C. Vaquero, D. Boutry, J. F. Damlencourt, P. Neofytou, M. Pilou, E. Jankowska, I. 
Larraza, R. Pina, S. Fernández, S. Contreras, A. Romero, M. Calderon, P. Swiezewsk, K. Otkallo, A. 
Pintea, C. Salazar, T. Oroz, B. Hargreaves, R. Ciobanu, A. Tabrea, B. Hazebrouck, O. Salvi, H. 
Stockmann-Juvala, V. Vaananen, D. H. Y. Pui and D. Thompson, eds., Strategies, methods and tools 
for managing nanorisks in construction, 2015. 
43. A. Groso, A. Petri-Fink, A. Magrez, M. Riediker and T. Meyer, Particle and Fibre Toxicology, 2010, 7, 
40. 
44. R. A. Yokel and R. C. MacPhail, J Occup. Med. Toxicol., 2011, 6, 7. 
Page 26 of 42Environmental Science: Nano
22 
45. Z. Chen, A. M. Yadghar, L. Zhao and Z. Mi, Toxicological & Environmental Chemistry, 2011, 93, 1227-
1250. 
46. L. GRIDELET, P. DELBECQ, L. HERVÉ, P. BOISSOLLE, D. FLEURY, S. KOWAL and G. FAYET, Industrial 
Health, 2015, 53, 56-68. 
47. J. Jahnel, T. Fleischer and S. Seitz, 2013. 
48. M. K. Schubauer-Berigan, M. M. Dahm, P. A. Schulte, L. Hodson and C. L. Geraci, Journal of 
occupational and environmental hygiene, 2015, 12, 69-75. 
49. J. A. Conti, K. Killpack, G. Gerritzen, L. Huang, M. Mircheva, M. Delmas, B. H. Harthorn, R. P. 
Appelbaum and P. A. Holden, Environmental science & technology, 2008, 42, 3155-3162. 
50. K. Schmid, B. Danuser and M. Riediker, Journal of occupational and environmental hygiene, 2010, 7, 
224-232. 
51. NEPHH, Health and safety procedures for silicon 
based materials – survey’s results 
file:///C:/Users/pm11co/Downloads/D1_2_Health_Safety_Procedures%20(2).pdf). 
52. M. Methner, Journal of occupational and environmental hygiene, 2008, 5, D63-69. 
53. M. Sahu and P. Biswas, Journal of Nanoparticle Research, 2010, 12, 1055-1064. 
54. M. M. Methner, International journal of occupational and environmental health, 2010, 16, 475-487. 
55. C. S.-J. Tsai, D. White, H. Rodriguez, C. E. Munoz, C.-Y. Huang, C.-J. Tsai, C. Barry and M. J. 
Ellenbecker, Journal of Nanoparticle Research, 2012, 14, 1-14. 
56. L.-M. Lo, K. H. Dunn, C. D. Hammond, D. Marlow, J. Topmiller, C. S.-J. Tsai, M. Ellenbecker and C. C.-
C. Huang, Evaluation of engineering controls in a manufacturing facility producing carbon 
nanotube-based products, Cincinnati, OH: U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control and Prevention, National Institute for Occupational 
Safety and Health, DHHS (NIOSH) Report No. EPHB 356–13a 2012. 
57. W. A. Heitbrink, L.-M. Lo and K. H. Dunn, Journal of occupational and environmental hygiene, 2015, 
12, 16-28. 
58. L. F. Mazzuckelli, M. M. Methner, M. E. Birch, D. E. Evans, B.-K. Ku, K. Crouch and M. D. Hoover, 
Journal of occupational and environmental hygiene, 2007, 4, D125-D130. 
59. W. Fransman, J. Schinkel, T. Meijster, J. Van Hemmen, E. Tielemans and H. Goede, Annals of 
occupational hygiene, 2008, 52, 567-575. 
60. C. o. T. E. Communities, Communication from the Commission on the precautionary principle, 
Brussels, Belgium, 2000. 
61. H. a. S. E. E. Report, Reducing risks protecting people: HSE’s decision-making process, Her Majesty’s 
Stationery Office, 2001. 
62. ECHA, Guidance on Socio-Economic Analysis 
http://echa.europa.eu/documents/10162/13643/sea_authorisation_en.pdf). 
63. ECHA, Guidance on Information Requirements and Chemical Safety Assessment, 
http://echa.europa.eu/guidance-documents/guidance-on-information-requirements-and-chemical-
safety-assessment). 
64. A. Helland, H. Kastenholz and M. Siegrist, Journal of Industrial Ecology, 2008, 12, 449-458. 
65. D. Fleury, J. A. Bomfim, S. Metz, J. X. Bouillard and J.-M. Brignon, 2011. 
66. C. J. van Leeuwen and T. G. Vermeire, Risk assessment of chemicals: an introduction, Springer 
Science & Business Media, 2007. 
67. V. Subramanian, E. Semenzin, D. Hristozov, A Zabeo, I Malsch,F Murphy, M Mullins, T van Harmelen, 
T Ligthart, I Linov, A Marcomini Submitted to Journal of Nanoparticle Research, 2015. 
68. B. Van Duuren-Stuurman, S. R. Vink, K. J. Verbist, H. G. Heussen, D. H. Brouwer, D. E. Kroese, E. 
Tielemans and W. Fransman, Annals of occupational hygiene, 2012, mer113. 
69. D. Eddy, S. Krishnamurty, I. Grosse, J. Wileden, P. Witherell and K. Lewis, ASME J. Comput. Inf. Sci. 
Eng., 2014, 14, 021011-021013. 
70. L.-M. Lo, K. H. Dunn, C. D. Hammond, P. D. Almaguer, I. Bartholomew, J. Topmiller, C. S.-J. Tsai, M. 
Ellenbecker and C. C.-C. Huang, Evaluation of engineering controls for manufacturing nanofiber 
sheets and yarns, Cincinnati, OH: U.S. Department of Health and Human Services, Public Health 
Page 27 of 42 Environmental Science: Nano
23 
Service, Centers for Disease Control and Prevention, National Institute for Occupational Safety and 
Health, DHHS (NIOSH) Report No. EPHB 356–11a., 2012. 
71. L. G. Cena and T. M. Peters, Journal of occupational and environmental hygiene, 2011, 8, 86-92. 
72. J. Wang and D. Y. Pui, 2011. 
73. C. S.-J. Tsai, Annals of Occupational Hygiene, 2015, meu111. 
74. C. Brochot, N. Michielsen, S. Chazelet and D. Thomas, annals of occupational Hygiene, 2012, 56, 
595-605. 
75. I. Ogura, M. Kotake, M. Shigeta, M. Uejima, K. Saito, N. Hashimoto and A. Kishimoto, 2013. 
76. C. Fito, Preventing exposure to common ENMs in the ink & paint sector: design and effectiveness 
testing of respiratory and dermal protective 
equipment (RPE/DPE), file:///C:/Users/pm11co/Desktop/NanoMICEX_Webinar_Presentation_2015.pdf). 
77. Scaffold, Customized control banding approach for potential exposure to manufactured 
nanomaterials (mnms) in the construction industry, 2015. 
78. H. Marquart, H. Heussen, M. Le Feber, D. Noy, E. Tielemans, J. Schinkel, J. West and D. Van Der 
Schaaf, Annals of occupational hygiene, 2008, 52, 429-441. 
79. B. VAN-WENDEL-DE-JOODE, D. H. BROUWER, R. VERMEULEN, J. J. VAN HEMMEN, D. HEEDERIK and 








































































  1 
 ) /  

























% /"  					  *C% * /
 	 **%	
" "/	 * /
	 A/






% %  	  	  **%		 * 	
"/" 
 31 
 ( 	%	 //	 & 982	/ C
 	 " 
 *
%
" /F%	3  	% ?









  32, 33 
 ( 	"	 %	%  	 " 	"  /% /
	










 	 *  ? 
	 *%" /%			
%%
 C/  *% *%
	   /" 	
%""  /" /  %*" /% /%		 			B ""
%
 A/" 
 /% 	 	% 	 /"  
"
	%	 * 	 	" 
%
 











  34, 69 
 (	//	
 























			 ? % %
		 " / ?  




















 " 	 %
	  ++B
	%/ A " %
 =*?	B /





























































































































































































Page 32 of 42Environmental Science: Nano
28 
 " ( //	 %
		*% 		 * %
"%
 


























































































   






	B $(	I"/ 55 5O%% A*4 4<8 89<"I:B ><

+%		















































































































































Page 34 of 42Environmental Science: Nano
Page 35 of 42 Environmental Science: Nano
31 
 +(=/





     
1 -' -6 + .08!  -69:
1 ;!"' <-* + !8!  -9-
1 ;!"' - + .& -9-*
+ -' *-* 1 .08!  -9-=
+ ;!"' :-*< 1 !8!  -9-
+ ;!"' <-** 1 .& -<9-
 -' :-6 ! .08!  -*9-=
 ;!"' *-<< ! !8!  -9-<
 ;!"' :-* ! .& *-9-6
! -' :-*  .08!  -69-
! ;!"' =-==  !8!  -9-6
! ;!"' :-:  .& <-*9-=
! -' -< ! .08!  -9-6
! ;!"' -: ! !8!  -9-6































	 P9 % 		 ? %	 =/	  








   
 ! "#!
	! !






























 	!  
#	&,







(()  8! 2 &!
2!!!,	
-









(!&!"!;!"' - !,	 
(&,!"' -  !,	 -=
(&,!"' - 2 &! -


























Personal Protective Equipment 
(PPE) 











Page 38 of 42Environmental Science: Nano





















































































0.00 0.50 1.00 1.50 2.00 2.50 3.00
HAND PROTECTION 
PACKAGING











LIMITATION IN MARKETING AND USE 
CLEANING OF PROCESS EQUIPMENT
LEV WITH ENCLOSURE 
LAMINAR FLOW BOOTHS
SUPERVISION
REDUCTION  OF GENERAL WASTE 
SUPPRESSION-WETTING AT RELEASE POINT
MANAGEMENT SYSTEMS
LIMITING CONCENTRATION
MANIPULATION OF ENV. CONDITIONS
CLEANING OF AIR EMISSIONS
REDUCTION  OF NANO-SPECIFIC WASTE 
LEV - CAPTOR HOODS 
OPERATING PRACTICE
LEV - RECEPTOR HOODS
SPRAY BOOTHS
MONITORING
DISPOSAL OF GENERAL WASTE 




CHANGE OF PHYSICAL STATE 
MECHANICAL ROOM VENTILATION






Cost Score (on a scale of 1 to 4)









Nanomaterial identification and classification
Risk prediction and management tools
Standardisation
Importance Score
Page 42 of 42Environmental Science: Nano
